ILLUSTRATIONS
An early study conducted in Yellowstone National Park, which included parts of the upper Madison River drainage, described the presence of large concentrations of arsenic in waters associated with geothermal activities (Hague, 1887) . Investigations conducted since 1887 have verified these large concentrations. Arsenicenriched thermal waters reach tributaries to the Madison River both by surface and subsurface flows. From the Madison River, arsenic is transported downstream into the Missouri River.
Water samples collected and analyzed prior to this investigation indicated that arsenic concentrations of 200-300 Wg/L (micrograms per liter) in the upper Madison River (U.S. Environmental Protection Agency, 1972) were diluted by inflow waters to concentrations of 20-40 Mg/L in the Missouri River just upstream from Canyon Ferry Lake (U.S. Geological Survey, 1976-85) . Because 50wg/L is the maximum allowable limit for arsenic as established by primary drinking-water standards (U.S. Environmental Protection Agency, 1986), concern exists regarding the potential effects on human health.
Arsenic concentrations previously had been measured in the upper Madison River and in the Missouri River upstream from Canyon Ferry Lake. However, little Water Quality Bureau, Montana Department of Health and Environmental Sciences. information was available on reaches of the river and tributaries between these areas. Missing was information needed to determine dilution sources or possible sources of arsenic contribution. In addition, much of the data on arsenic concentrations in the upper Madison River lacked concurrent stream-discharge values that would enable calculation of arsenic discharge (loading) to the stream from the tributaries. Because previous sampling for arsenic generally was not conducted systematically, seasonal variations throughout the hydrologic cycle could not be determined.
As a result of these current data needs, a monitoring network (fig* 1 ) was established to measure arsenic concentrations and determine arsenic discharge from selected tributary basins of the upper Missouri River. The purpose of this report is to document the data acquired from the monitoring network.
The network consisted of 24 stations 5 sites on the mains terns of the Madison and Missouri Rivers and the remainder on tributary streams in the upper Missouri River system ( fig. 1 ). Where possible, station locations were selected at current Geological Survey streamflow-gaging stations or former stations. Of the 24 stations, 15 were sampled 12 times from November 1985 to October 1986. Sampling was generally on a monthly frequency, but the schedule was modified to sample more frequently during maximum runoff conditions and less frequently during the winter when conditions were more stable. The remaining nine stations were sampled twice during the year, at high flow and at low flow. Sampling of all network stations was generally accomplished within 3-day periods.
In addition to network stations, sampling was conducted at four miscellaneous stations within or near Yellowstone National Park. All four stations were in the upstream reaches of the Madison River or its tributaries.
Arsenic loading determinations, as calculated from arsenic concentrations and stream discharge, allows the quantification of downstream gains or losses of arsenic in the Madison and Missouri Rivers. To supplement the arsenic information, specific conductance of the samples was measured as a surrogate determination of dissolvedsolids concentration.
Stream discharge, water temperature, and air temperature were determined at the time of sample collection.
The monitoring program was funded jointly by the U.S. Geological Survey and the Montana Department of Health and Environmental Sciences (Water Quality Bureau). Sample collection and onsite measurements were done by the Geological Survey. Samples were analyzed by the Chemistry Laboratory Bureau of the Montana Department of Health and Environmental Sciences.
FIELD PROCEDURES
Because laboratory analysis was to be performed for total recoverable arsenic concentration, a representative stream sample of the water-sediment mixture was required. Samples, therefore, were collected either by the "Equal Width Increment" or the "Equal Discharge Increment" method, using modified suspended-sediment samplers (Guy and Norman, 1970) . Where streams were shallow enough to allow wading across the stream section, the Equal Width Increment method was used with a US-DH-48 sampler. Where stream sections were too deep to wade and samples had to be collected from cableways or bridges, the Equal Discharge Increment method was used with a US-D-74 type sampler and appropriate bridge cranes and reels. Both methods of sampling allowed for depth integration through a series of vertical sections across the stream channel.
The subset samples from the vertical sections were composited (mixed) onsite in a Geological Survey churn sample splitter, followed by withdrawing a representative sample of the water-sediment mixture for arsenic analysis. The arsenic sample then was preserved by acidification with nitric acid prior to transmittal to the laboratory. A second sample for measurement of specific conductance was withdrawn from the sample splitter in the same manner, but not acidified.
Stream discharge was obtained either by direct measurement or, where stream gages were present, indirectly from observed stream stage and stage-discharge rating tables. All methods conformed to documented procedures of the U.S. Geological Survey (Rantz and others, 1982) .
Stream temperatures were measured at mid-stream using field grade thermometers. Air temperatures were measured at the time of sampling.
LABORATORY PROCEDURES
The samples from individual stations consisted of two bottles each of representative water-sediment mixtures one acidified and the other untreated.
(No additional pretreatment of samples was done either in the field or in the laboratory.) The acidified sample was analyzed for arsenic and reported as total recoverable arsenic. The untreated sample was analyzed for specific conductance.
Arsenic was analyzed by the atomic absorption, spectrophotometric, gaseous hydride method. In a series of steps, all arsenic is reduced to As +^, then combined wih sodium borohydride to form gaseous arsine. The arsine is swept by a flow of nitrogen into a quartz cell heated to 900 °C, where concentration is determined by atomic absorption. Detection level for this procedure is 1 Hg/L. Analytical precision is given in table 1.
Specific conductance was determined by the electrometry method using a cathode ray tube with wheatstone bridge circuitry in which a variable resistance is adjusted so that it is equal to the resistance of the unknown solution present in a standardized conductivity cell. The reciprocal of the measured resistance is reported as specific conductance, in microsiemens per centimeter (yS/cm). All measurements were made on samples and standards at a temperature of 25 °C. Specific conductance was reported to the nearest whole number.
Analytical precision is given in table 1.
As part of the quality assurance plan, duplicate samples were collected periodically at selected sampling locations.
The sampling locations chosen were generally those where arsenic concentrations were known to be larger than background levels. The duplicates were submitted to the laboratory with false station numbers, dates, and times. Results of the arsenic duplicates indicated that the largest difference between paired samples was 4 Hg/L, the smallest difference was 0, and the median difference was 1 Wg/L. Paired samples for specific conductance indicated that the largest difference was 106 yS/cm, the smallest difference was 0, and the median difference was 1 yS/cm.
The Chemistry Laboratory Bureau is certified by the U.S. Environmental Protection Agency for water, wastewater, air, and hazardous-waste analyses. Internal laboratory quality-control procedures include duplicate analyses for measurement of precision, spiked analyses for checking accuracy, and reference sample analyses used as an external check on standards.
Acceptability criteria are given in table 1.
DATA RESULTS
The map of the study area ( fig. 1) shows the location of sampling stations. The numbers on the map correspond to the numbers preceding station names in tables 2-4.
Variations with time of arsenic concentration and arsenic discharge (figs. 2 and 3) are shown for two stations, one on the Madison and one on the Missouri River. During months of more than one sample collection, the concentration plotted represents the average concentration of the samples. The results of onsite and laboratory measurements are given in table 3. Arsenic concentrations are reported in micrograms per liter and are equivalent to parts per billion. Arsenic discharge was determined by multiplying the water discharge by the concentration of arsenic and a units conversion constant:
Qa is arsenic discharge, in pounds per day; Qw is the water discharge, in cubic feet per second; Ca is arsenic concentration, in micrograms per liter; and k is 0.0054, a constant used to convert arsenic discharge to pounds per day.
In addition to the scheduled sampling program, miscellaneous samples were collected and analyzed from the Madison River upstream from Hebgen Lake and from the Firehole and Gibbon Rivers and the South Fork Madison River. This miscellaneous information is listed in table 4.
If data in this report are used for interpretation, the reader is cautioned to consider the effects of impoundments on the results. Three reservoirs are present on the mainsterns of the Madison River and the upper Missouri River: Hebgen Lake (capacity of 385,000 acre-feet), Ennis Lake (capacity of 42,000 acre-feet), and Canyon Ferry Lake (capacity of 2,050,000 acre-feet). Processes within these reservoirs and the manner of water releases from the dams are responsible for some modifications in the natural transport of dissolved and suspended constituents, including arsenic. Important modifications for the reader to consider are: (1) 
